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Abstract 


Adsorption of Congo Red dye (CR) onto Commercial Activated Carbon (CAC) from aqueous solution 
was investigated under various experimental conditions. Batchmode experiments were conducted. The pH... of 
CAC was 6. Hence all experiments were carried out at solution pH 6. Experimental data were fitted with 
linearised forms of Lagergren and Ho kinetic equations for pseudo first order and pseudo second order models 
respectively. Rate constants and theoretical adsorption capacities were calculated. The Sum of Error Squares 
Percentage (SSE %) for first order and second order kinetics were 3.57 & 7.05 respectively and hence this 
adsorption followed first order kinetics. Adsorption capacities of CAC estimated from equilibrium studies for 
different initial concentrations of adsorbate were found to be good. 


Keywords: Activated Carbon; Adsorption; Adsorption kinetics; Commercial Congo red; pHzpc. 


1. INTRODUCTION 


Colour is considered as the first pollutant to 
be identified in wastewater and it is mostly caused by 
the effluents discharged from dyeing industries such 
as paper, rubber, leather, cosmetics, textile, 
pharmaceuticals, plastics and food industries 
(Siew-Teng et al. 2010). More than 100,000 dyes are 
commercially available and world widely more than 7x 10° 
tones/year of these dyes are produced in the world for 
the textile industry alone (Ricardo et al. 2008). When 
these colored effluents enter rivers or any surface water 
system, they upset biological activity. Ground water 
systems are also affected by these pollutants because 
of leaching from the soil. In addition, many dyes are 
difficult to degrade due to their complex aromatic 
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structure and they tend to persist in the environment 
and creating serious water quality and public health 
problems such as allergic dermatitis, skin irritation, 
cancer and mutation (Alau et al. 2010) and tetragonic 
effects on aquatic organisms and human beings (Gongo 
et al. 2007). Hence, the removal of dyes from wastewater 
is essential to prevent continuous environmental 
pollution. 


Therefore many methods such as activated 
carbon sorption, chemical coagulation, ion exchange, 
electrolysis and biological treatments have been 
developed for removing dye pollutions from wastewater 
before being discharged into the environment (Gupta 
et al. 2004). There are two basic processes to activate 
carbon materials are physical and chemical properties. 
However, some of these adsorbents do not have good 
adsorption capacities for the anionic dyes because most 
have hydrophobic or anionic surfaces. Hence, there is 
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a need to search for more effective adsorbents (Sudipta 
et al. 2009; Karthikeyan et al. 2012) Congo red (sodium 
salt of benzidinediazobis-1- naphthylamine-4-sulfonic 
acid) is a benzidine-based azo dye and it was selected 
in this study as a model anionic dye because of its 
complex chemical structure, high solubility in aqueous 
solution and its persistence, once it is discharged into 
natural environment. Congo red mainly occurs in the 
effulents discharged from textile, paper, printing and 
leather industries (Srivastava et al. 1988). About15% of 
dyes end up in waster waters during dyeing operation 
(Tahir et al. 2009). 


Structure of Congo Red: 
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2. MATERIALS & MATHODS 
2. 1. Materials 


All the chemicals used for these experiments 
are of analytical grade. Commercial Activated Carbon 
(CAC) used in this study is purchased from SD fine 
chemicals in Mumbai. The Congo Red (CR) dye was 
from Merck Company. 


2.2 Preparation of Dye Solution 


Congo red was used without further 
purification. The dye stock solution was prepared by 
dissolving appropriate amount of accurately weighed 
dye in double distilled water to a concentration of 
500 mg/l. The experimental solutions were prepared by 
proper dilution. 


2.3 Determination of Zero Point charge 


The pH at the potential of zero charge of the 
carbon (pH,,.) was measured using the pH drift method 
(Jia et al. 2002). The pH of the solution was adjusted by 
using 0.01 M sodium hydroxide (or) hydrochloric acid. 
50 mg of the activated carbon was added to 50 ml of the 
solution. After stabilization, the final pH was recorded. 
The graphs of final pH versus initial pH used to 
determine the zero point charge of the activated carbon. 
The pHzpc of commercial activated carbon was found 
to be 6. 
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Fig. 1: Effect of pH... 
2.4 Equilibrium Studies using Batch Method 


15 mg of activated carbon was interacted 
with 50 cm? of Congo Red (CR) dye 100 mgL" solution 
at 303K and at the solution pH of 6. The mixtures were 
agitated on Mechanical shaker (180 rpm) continuously 
for 60 minutes. It was then centrifuged. The 
concentrations of dye solutions were determined by 
their absorbance of the wave length 510 nm using 
Systronics Double Beam UV-visible 
Spectrophotometer: 2202. This process was repeated 
for different initial concentrations (100, 150, 200 and 
250 mgL") of the dye solution. 


The amount of adsorption at equilibrium, 
q, (mg/g), was calcualated as follows: 
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Je =(Cy - Ce) V 
W 


Where, Cand C, (mg/L) are the liquid-phase 
concentrations of CR dye at initial and equilibrium 
respectively. V(L) volume of the congo red dye solution 
and W(g) is the weight of the adsorbent used (Hameed, 
et al. 2006). The percentage dye removal was calculated 
as: 


% Congo red dye remo val = (C,- C,)x100 
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Fig. 2: Effect of contact time 


2.5 Adsorption Kinetics Experiments 


The kinetics experiments were performed using 
a procedure similar to the equilibrium studies. Accurately 
15 mg of the adsorbent was thoroughly mixed with 
50 mL of CR dye solution of predetermined 
concentrations and the pH of suspensions were brought 
to 6 by adding conc. HCI acid and shaken at 303 K 
temperature. Then the mixtures were taken from shaker 
at appropriate time intervals (5, 10, 20, 40, 60, 80, 100, 
120, 140, 160, 180, 200 and 240) and the concentrations 
of the left out solutions were estimated as explained 
before. In order to determine the best kinetic model 
which describes the adsorption, experimental data were 
fitted into Pseudo first order and pseudo second orders 
kinetic models (Venkatraman et al. 2009). 


3. RESULT & DISCUSSION 
3.1 Effect of time and initial concentration 


The effect of time on percentage removal of 
CR dye from aqueous solution with respect to different 
initial concentrations was shown in Fig 1. The 
adsorption of dye from the solution increased with the 
time and finally attained equilibrium in 80,100, 120 and 
150 minutes for the dye solutions of initial 
concentrations 100, 150, 200 and 250 mgL! respectively. 
Percentage of removal of dyes decreased with the 
increase of initial concentrations of dyes from 100 to 
250 mg/L because, the ratio of the amount of dye 
adsorbed to the initial concentration of the dye 
decreased with the increase of initial concentrations of 
the dye solutions. However the amount of dye adsorbed 
on to the adsorbent found to increase with the increase 
of initial concentrations because, the ratio of the amount 
of dye present in the solution to available adsorbent 
site increased with the increase of initial concentrations 
of the dye solutions and hence large fraction of dyes 
were driven to adsorbent phase. 


3.2 Effect of pH 


To study the effect of pH on CR adsorption, 
15 mg of CAC was added to dye solutions of 
concentration dye 100 mgL". The initial pHs of the 
solutions were adjusted from 2 — 10 using HCl and 
NaOH. These suspensions were shaken for 60 minutes 
(equilibrium time) at temperature 303K. They were 
centrifuged. Then the percentage removal of the dyes 
from solutions was determined which were given in 
Table land depicted in Fig. 3. 


Table 1. Eeffect of pH 








pH Solutions % Removal 
23.94 
38.02 
47.82 
10.0 33.8 
12.0 9.23 
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Fig. 3: Effect of pH 


As the pH increased, the percentage removal 
of the dye increased and found to be high (more than 
60%) at pH 6, after that the percentage of removal 
decreased with the increase of pH beyond 6. pH... of 
the carbon is 6 .So at pH 6, surface of the carbon was 
neutral that is neither positively charged nor negatively 
charged and hence the percentage of removal of the 
dye was maximum. Below this pH, the approach of dye 
anion towards the surface of the carbon may be 
prevented by inter ionic attraction of the accumulated 
hydrogen ions present in the solution. Therefore the 
percentage of removal of dye might be decreased with 
the decrease of pH. Above the pH 6, the surface of the 
carbon possessed negative charge which might repel 
the approach of the dye anion. 


4. KINETIC MODELS 


For the examination of the controlling 
mechanisms of adsorption process, such as chemical 
reaction, diffusion control and mass transfer several 
kinetics models were used to test the experimental data. 
For this present study, two kinetics models were 
applied to understand the mechanism of adsorption of 
the dye onto the adsorbent. 


4.1 Pseudo First order kinetics 


The pseudo — first order kinetic model can be 
represented by Lagergren rate equation: (Mansour 
et al. 2011). 


Log (ge - qt ) = Log ge - ss t 
2.303 





Where q, and q, are the amounts of dye 
adsorbed (mg/g) at equilibrium and at time t (min) 
respectively and k, is the rate constant of adsorption 
(/min) show in fig. 4a. The values of k, and theoretical 
q, for different initial concentrations were calculated 
from the slope and intercepts f of these curves 
respectively were presented in Table 2. 





Fig. 4a: Pseudo first order kinetics 


Table 2.Pseudo First order kinetic parameters 
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4.1.1 Pseudo Second order kinetics 


The pseudo second order kinetic model can 
be represented with the following equation: 


t ] | 


= + 
qt k, qe? qe 








Theoretical equilibrium adsorption capacity 
(q,) and the second-order constant k, (g/(mg min) )can 
be determined experimentally from the slope and 
intercept of plot of t/q, versus t (Fig. 4b). The k, (g/ (mg 
min)) and correlation coefficients values calculated from 
were listed in Table 3. 





Fig. 4b: Pseudo second orderkinetics 


Table 3. Pseudo Second order kinetic parameters 











4.1.1.1Test for kinetics models 


The sum of error squares (SSE, %) (Hameed 
et al. 2006) is one method which has been used in 





literature to test the validity of models used. The sum of 
error squares is given as follows; 


SSE (%) =V¥L(Ge) exp-(Ge deal” 


N 


Where, N is the number of data points. 


Experimental Cevexp)? calculated Deccan and SSE 
for the pseudo first order and pseudo second order 
kinetics were given in Table 4. It shows that Cecexp) 1S 
close to rca for First order kinetics. It can be seen 
that SSE (%) value is lower for the first order kinetic 
model than that of pseudo second order kinetic model. 


Table 4. Calculated SSE % of the adsorption of CR 
dye onto CAC 


AX 
First Order 


Cb (all) 


Ge (exp) 


161.43 | 141.57 
188.57 | 171.40 











This confirms the applicability of the pseudo 
first order kinetic model. The determination coefficient 
(R*) for pseudo Second order model ranged between 
0.747 and 0.990 whereas these values for the First order 
model were ranged between 0.938 and 0.978. Itindicates 
that the experimental data best fitted into pseudo First 
order. Similar phenomena have been observed in the 
adsorption of CR on CAC (Namasivayam et al. 2002, 
2003). 
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5. CONCLUSION 


The adsorption of Congo red dye onto 
Commercial Activated Carbon (CAC) was studied. 
Adsorption experiments were carried out as a 
function of contact time, initial concentration in a 
batch mode process. Experimental data indicated that 
CAC adsorbent was effective in removing CR dye 
from aqueous solution. The percentage of removal 
increased with an increase in contact time and 
achieved equilibrium around 80,100 and 120, 140 
minutes for 100, 150, 200, 250 mg/L when 15 mg CAC 
was used as adsorbent for 50 mL solution. Adsorption 
capacity of CAC was found tobe higher at higher 
initial concentrations. In the kinetics studies, R* value 
and SSE(%) revealed that the process of adsorption 
followed pseudo first order kinetics. 
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